In Part I of this paper) we presented evidence which indicates that there is an elevation of the surface tension of the blood plasma, following total thyroidectomy in guinea pigs. Because of the high mortality following operation, and certain other technical difficulties, it was not practical to study the changes, following operation, in the same animal. It was necessary, therefore, to compare the surface tension of the plasma from thyroidectomized animals with that from normal controls, done at the same time and under identical conditions. Because of the almost perfect antithesis which exists between hyperand hypothyroidism, we suggested that additional evidence, concerning the influence of thyroid on surface tension, might be obtained by studies of the surface tension before and after the administration of thyroxin and thyroid extract.
The blood was always obtained from the carotid artery, was mixed with 1 per cent sodium oxalate solution, and the plasma immediately separated by rapid centrifugalization. Following the first bleeding, the artery was ligated and the wound closed with linen thread. On the following day, the administration of thyroxin was started. After several days of feeding, blood was again obtained from the opposite carotid, and the surface tension determined. In each group, certain animals were left as controls; these were bled on the same days, kept under identical conditions, but received no thyroxin.
In a few preliminary trials, we employed thyroid extract, but in most of the experiments thyroxin was used because it seemed to produce more rapid and constant changes in the surface tension. Tablets containing 0.2 mg. of thyroxin were ground to a fine powder and suspended in water to which a little sugar had been added. The suspension contained 0.2 mg. of thyroxin to the cc. and was fed to the animals with a graduated pipette. The feedings were usually given twice daily, in the morning and again in the evening.
Since several days elapsed between the determinations made before and after feeding, it was sometimes difficult to maintain identical temperatures. In generai, however, the temperature differences are small and probably are not sufficient to introduce an appreciable error.
The work of du Noiiy ~-4 on the time-drop of serum (difference between the values obtained immediately after pouring and after an arbitrary interval of time) has shown this to be a delicate phenomenon, which is increased by the injection of an antigenic substance. The exact relation which this change bears to the formation of antibodies is not clear. In addition to an increase of the time-drop, du NoiJy's results also show that there is frequently an elevation of the initial value of the surface tension, following the absorption of an antigen)
The interval of time elapsing between the two determinations (before and after feeding) in our experiments is very short and it is unlikely that within this period the time-drop would be influenced by such factors as slight infection, absorption of injured tissue, etc.; but, nevertheless, this possibility exists. If the time-drop should be increased by any of these factors, the determinations made after a 20 minute interval might show a lowering of the surface tension not due to the effect of thyroxin. In view oi these possibilities, we decided 2 du Noiiy, P. L., J.. Exp. Med., 1922 , xxxv, 575. 3 du Noiiy, P. L., J..Exp. Med., 1923 , xxxviii, 87. ' du Notty, P. L., J..Exp. Med., 1925 , xli, 779. 5 du Notiy, P. L., J..Exp. Med., 1924 to determine the surface tension both immediately after pouring and also after a 20 minute interval, but to consider only the initial value as free from possible secondary influences. We felt further justified The first three experimental animals in this table all show initial and 20 minute values which are considerably higher than of those any of the other animals used. They had been used some time before for the standardization of diphtheria toxin, but had survived. We have noted this elevation in similarly treated animals on several other occasions. All other animals used in the present experiments are normal. in this decision by the findings in one control animal which had received no thyroxin, but which was sick during the entire interval between the two determinations.
In this animal the initial value of the surface tension was practically the same in the two determinations (0.4 dyne lower in the second), while the 20 minute value showed a decrease of 4 dynes (see Table I ).
In comparing the values for the surface tension, before feeding thyroxin, with the values given in Part I for the normal controls, one is impressed by the fact that the former tend to be somewhat higher. The data reported in Part I of this paper were obtained during midwinter, while the present experiments were conducted during the months of June and July. Our work on the surface tension of guinea pig plasma extended over the period from December to August, and we observed that there was apparently an increase in the normal value as the weather became warmer. The cause for this shift in the normal value is not clear. If temperature was the only factor involved the reverse effect would be expected. No definite explanation can be given, but it is necessary to call attention to age difference and seasonal variations as possible factors.
Only male pigs were used and the average weight varied from 300 to 420 gm.
Since most of the experiments were made with thyroxin, these will be discussed first.
The total amount of thyroxin administered varied from 1 to 1.2 mg.; and the surface tension was determined on the 4th and 5th days after the feeding was started. Since it requires from 3 to 4 days for a single dose of thyroxin to become active, and since the quantity absorbed from the intestine is variable, it is impossible to say just how much has been effective in these experiments. A few of the ,nlmals showed practically no symptoms, while the remainder were, in general, only slightly affected. In some, there appeared to be a slight loss of weight and general weakness. The most common symptom was tachycardia with a pounding cardiac impulse, which was not observed in the unfed controls. One animal, in particular, showed symptoms of intoxication with marked loss of weight and extreme weakness. In this animal we observed the greatest drop in the surface tension; i.e., 13.9 dynes. With one exception (Table I) , the controls remained healthy during the interval between the two determinations.
In the tables, the initial and 20 minute values and also the timedrop are given; but in the analysis we will limit ourselves to a con-siderafion of the initial values. The results are given in Tables I  to III. The mean values for the entire series are shown at the end of Table III . Out of twenty-seven animals which were fed thyroxin, twenty showed a fall in the initial value of the surface tension, after the feeding, which was greater than 1 dyne. The decrease in the surface tension of the plasma of these twenty animals varied from 1.9 to 13.9 dynes, with a mean value of 5 dynes. Six of the remaining 
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seven animals showed differences in the surface tension before and after feeding varying from an increase of 0.7 of a dyne to a decrease of 0.8 of a dyne, while one showed an elevation of 1.1 dynes. Among seven control animals, which were bled on the same days and kept under identical conditions, six varied from 0.5 dyne increase to 0.6 dyne decrease on the two determinations, while one showed a fall of 1 dyne.
In the lower half of Chart 1, the ~esults from the twenty animals which showed a drop from the initial value greater than 1 dyne have been plotted with the surface tension in dynes as ordinates. The upper, unbroken curve represents the values obtained before feeding 
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Lower ....... After feeding thyroxin. Superimposed points on the two curves represent the values obtained on the same animal before and after feeding thyroxin. The horizontal lines passing through the two curves represent the average values. The determinations were done immediately after the plasma had been pipetted into watch-glasses and gently stirred.
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First determination, ...... Second determination. The curves show the values obtained on seven control animals which were bled on the same days and kept under identical conditions, but received no thyroxin. Superimposed points on the two curves represent the two values obtained on the same animal. The determinations were made immediately after the plasma had been pipetted into watch-glasses and gently stirred. present experiments. We suggest as possibilities, however, that the thyroxin was not absorbed from the intestine in sufficient quantity to bring about the change, or that a balanced compensation prevented it.
In only one instance (Table III) did we observe what can be considered as a significant elevation after feeding (1.1 dynes). This may, of course, represent a purely technical error, but in the present state of our knowledge we must admit of the possibility of overcompensation in the early stages of thyroid intoxication. Fed pulverized thyroid extract 'tablets, Burroughs Wellcome and Co., 2[gr. for 10 days as follows: First 6 days---32 mg. daily. 7th day--no feeding. 8th " --64 mg. 9th " --64 " 10th "--96 " Showed marked emaciation, weakness, diarrhea, and tachycardia.
Animal 2 of the above group survived and was given no thyroid extract for 11 days. During this period, it gained weight and became much stronger. Surface tension determined on the llth day, after feeding had been discontinued.
In a few preliminary experiments we fed thyroid extract instead of thyroxin, but determined the surface tension, however, only after the period of feeding. The values obtained in these cases were either at or below the lower limit of normal. In Table IV , two of these experiments are shown in which the immediate values of the surface tension, after feeding, were 48.3 and 47.8 dynes, respectively. Both of these animals showed extreme emaciation, weakness, diarrhea, and tachycardia. Animal 2 survived and thyroid feeding was dis-continued for a period of 11 days. During this interval, the animal gained weight and showed considerable amelioration of all previous symptoms. At the end of 11 days, the surface tension was again determined, and the initial value found to be within normal limits, 58.6 dynes, an elevation of 10.8 dynes from what had been observed during feeding.
Could the presence of thyroxin, per se, in the blood account for the observed lowering of the surface tension? In order to determine this, we tried adding small amounts of a concentrated solution of thyroxin crystals to fresh guinea pig plasma. The results were altogether irregular, and showed either no change, a slight elevation, or a slight lowering of the surface tension. Apparently, thyroxin is not strongly surface-active in vitro, and is, therefore, probably not directly responsible for the changes observed in ~ivo. DISCUSSION. At the present time too little is known regarding the r61e of complicated physicochemical factors in governing metabolism or cellular activity in the living body, to permit us to speculate on the part played by the surface tension of the blood plasma. This physical constant, however, is undoubtedly a factor of some importance in all activities involving diffusion and osmosis, and probably plays no inconsiderable r61e in many enzymatic activities. We would, therefore, by analogy expect that the living organism would possess the power to minimize or prevent changes in the surface tension of the blood. By comparison with other better known regulatory activities, it would be expected that these compensatory or protective adjustments might be of two kinds; one type, purely physicochemical in nature, more or less independent of vital activity, and the other directly associated with functions of living cells.
Du Noiiy 6 has clearly demonstrated at least one phase of the purely physicochemical mechanism which protects the organism against changes in the surface tension of the blood. He has shown that when a strong surface-active substance, such as sodium oleate, is added to blood serum in vitro, there is a drop in the surface tension which is immediately followed by a rise, so that the normal value e du Noiiy, P. L., Y. Exp. Med., 1922, xxxvi, 115. is regained within a very few minutes. This phenomenon is due to the fact that the sodium oleate molecules are adsorbed by the colloidal particles and withdrawn from the surface. He has also shown that this buffing action is most marked against concentrated sodium oleate. When a dilute sodium oleate solution was used, he found that the recovery was slow and sometimes incomplete.
He further observed that the surface tension after recovery often reached a higher value than before the addition of sodium oleate. He explained this by assuming that the sodium oleate molecules formed "a thick coating around the molecules or group molecules of serum, which tends to force them apart a little more than they were before." We have referred to a process of this kind by the term overcompensation.
In addition to this type of purely physicochemical compensation, the cells of the living organism may possess the power, at least in some instances, either to excrete from the body, or to change chemically a surface-active substance into one which is inactive. Variations in these stabilizing or protective mechanisms may partially explain why, in our experiments, some animals would show a marked decrease in the surface tension while others remained practically unchanged.
As a working hypothesis, we have suggested that the changes in the surface tension of blood plasma, caused by thyroidectomy or the feeding of thyroid extract and thyroxin, are due to changes in the quantity of certain normally occurring surface-active substances. Since it is possible to cause a definite lowering of the surface tension by feeding thyroxin, the probable origin of this surface-active constituent is reduced to two sources; either it is produced from thyroxin which is in some manner changed after it has entered the blood stream and come into contact with living cells, or, what is more probable, the surface-active substance is produced during the course of normal metabolism by certain cells of the body. It is quite likely that many of the final or intermediate products of cellular activity are surfaceactive, and an increase in the rate of cellular metabolism such as would follow the administration of thyroxin would lead to an increased production of these elements.
The data reported in this paper have been gathered with a view toward answering only one question: Is it possible to cause a lowering of the surface tension of the blood plasma by feeding thyroid extract or thyroxin? In attempting to answer this question, we have avoided many closely associated problems. One of the most important of these is the investigation of the time factor and its relation to the results reported here. For example, the question arises: Is the depression of the surface tension a permanent condition which will persist as long as thyroid feeding is maintained, or is it transitory, occurring only during the first few days, when possibly the body has not yet adjusted itself to the abrupt increase in metabolism? In the latter instance, we might expect to find that the initial depression would be followed by a return to normal as certain compensatory adaptations were perfected. SUMMARY. 1. Determinations of the surface tension of blood plasma from guinea pigs, before and after feeding thyroxin, showed in most cases a definite decrease. Out of twenty-seven experimental animals, twenty showed a depression in the surface tension which ranged from 1.9 to 13.9 dynes, with an average of 5 dynes. Six animals showed variations hardly exceeding the limits of experimental error, while one showed an elevation of 1.1 dynes.
2. Six normal control animals, bled on the same days and kept under identical conditions, showed differences in the two determinations which ranged from a decrease of 0.5 to an increase of 0.6 of a dyne. One other control showed a drop of 1 dyne.
3. Two animals which had been fed large quantities of thyroid extract over a period of 10 days, gave values considerably below normal. One of these animals survived, and after 11 days during which no thyroid extract was given, the surface tension was found again to be within normal limits.
